INTRODUCTION
In the past decades, many studies on visual search behaviour in ball and racquet sports have significantly extended our knowledge on the information pick-up and processing that precede a fast and correct decision during the game [1, 2, 3, 4, 5, 6, 7] . Although differences between sports exist due to the specific nature of each game, the general conclusion is that expertise is related to earlier pick-up of relevant information. As a result, expert players are able to adequately anticipate an opponent's action. This general rule has been corroborated in a wide variety of sports including soccer, tennis, badminton and others [8, 9, 4, 10, 11] .
In spite of the body of knowledge available in these sports, only a few experiments have focused on expert-novice differences in the visual search patterns of volleyball players. Volleyball is a team sport like soccer and basketball, but unlike soccer and basketball, players are not allowed to physically interfere with the preparation of an attack by the opponent team. The response to the opponent's attack consists of either blocking the spike at the net, or defending further away from the net. Both tasks are highly time-constrained and are believed to rely to a great extent on anticipation [12] . gaze more to the setter than novice players, who tended to watch the whole trajectory of the ball [18] . Experienced players only track the initial part of the ball trajectory. Then their eyes 'shoot ahead' to the final portion of the trajectory. This gaze strategy has been described previously for tennis, table tennis and cricket, where experienced players made an anticipatory saccade to the bounce point of the ball 19, 20, 21, 3] .
While the preparatory actions in tennis or badminton consist of only one person who executes the counter attack (even in a double game), in volleyball three contacts can be made and all of the six players can be involved in the attack. This means that instead of one action, multiple actions have to be analysed to detect advanced cues.
When the ball is in the opponents' court, a volleyball player needs to analyse the quality of reception, the setting possibilities, the pass quality and the attackers' movements. Since the number of opponents has an effect on the visual search behaviour in soccer [22] , and given that the within-team tactics might also provide information on the nature of the opponents' attack, it is not surprising that Afonso et al. [23, 24] recently reported slightly different gaze behaviour when participants played in a six-versus-six situation. In this in situ experiment, highly skilled female volleyball players employed more fixations to a greater number of locations and spent more time fixating functional spaces (i.e. areas that are intermediate to a number of cues of interest) before and during ball contact than less skilled participants. This suggests that highly skilled volleyball players retrieved a greater amount of information by using their peripheral vision more efficiently.
However, these experiments summarize the gaze behaviour of an entire game sequence in one measure. Since picking up the right information at the right time is essential for time-constrained sports such as volleyball, it seems valuable to focus on the gaze behaviour over the course of a game sequence. Therefore, this study focuses on the course of visual search behaviour of volleyball players of different levels who watched a full attack sequence in a blocking task. Apart from experienced players being faster and more accurate in their reaction, we also expected to find certain gaze patterns at specific moments. The expected gaze pattern is described in Table 1 .
MATERIALS AND METHODS
Participants. In total, 37 adult women participated in the study and were assigned to an elite, an intermediate or a novice group based on their volleyball experience and expertise. The elite group consisted of ten professional female volleyball players, who played for the same volleyball team at the highest division in Belgian female competition. The team trains 20 hours a week and was also competing in the European Challenge Cup at the time of the study. The intermediate group consisted of ten female volleyball players from the third, fourth or fifth division of Belgium competition (with eight divisions in total) and trained less than ten hours a week. The novice group consisted of 17 female bachelor students of physical education from Ghent University. They had no experience in volleyball at a competitive level but were familiar with the basics of the game.
A significant difference was found for weight and height but not for age between the three groups (resp.: F 2,36 =14.097; p<0.01; The elite group was taller, but not heavier than the intermediate group ( Table 2) .
Film fragments
Attack sequences were recorded with experienced players (interme- asked to look at the countdown which preceded each fragment so that the gaze direction was towards the centre of the screen at the beginning of each trial. The experimental procedure was approved by the Ghent University Hospital Ethical Committee.
Dependent measures
Response accuracy was expressed as the number of trials in which the subject made her displacement in the right direction, i.e. the direction of the pass towards the player who will perform the attack.
This was evaluated on-line by the experimenter. Reaction time (RT) was defined as time from setter-ball contact until the release of the pressure sensor by the participants.
The eye tracking system recorded the eye movements of the participants and provided a video of the volleyball sequence with a crosshair representing the gaze location, superimposed on the volleyball film clip. Five areas of interest (AOIs) were determined:
Ball, Receiver, Setter, Attacker and an Inter-event fixation (gaze on a point in space which does not contain a 'target' but is in the middle of several relevant sources of visual information [18] . Indistinct data were coded as NoData.
Pilot work showed that gaze was usually switched at three specific moments: the moment of ball-receiver contact (R); the moment the ball reaches its highest point between receiver and setter (BHP);
and the moment of ball-setter contact (P). To normalize the twenty film frames to these key moments, the clips were split into 36 time frames (T1-T36) in a way that four blocks could be distinguished:
start-R, R-BHP, BHP-P and P-end. Using the gaze location videos, gaze location was assigned manually to one of the AOIs for each time frame. For each AOI [6] a percentage of gaze was calculated per time frame [36] for each participant (example of data process in Figure 2 ).
Data analysis
Data normality and equality of variance were tested for all variables using the Shapiro-Wilk test and Levene's test, respectively. Since these tests gave significant results for the RT, accuracy and most of the gaze percentages, non-parametric tests were used instead of parametric tests. To test group differences in RT, accuracy and gaze behaviour, the Kruskal-Wallis test was used as the non-parametric equivalent of the ANOVA test. Since this test only reports general inter-group differences, further differences between the individual groups were analysed with the Mann-Whitney U test, which is the non-parametric equivalent of the independent samples t-test. The standard level of significance was set as p < 0.05. RT data of one novice participant were lost.
RESULTS
Accuracy and reaction time. Group differences were found for accuracy and for RT, although differences in RT did not reach significance Table 3) . were used. Once the pass had been given, gaze was directed mostly to the attacker.
No earlier ball detection was found in experienced players than in intermediates and novices (A in Figure 3) . Instead, all participants retained the central inter-event fixation for a brief moment and then switched gaze to the receiver (B on Figure 3 ). Figure 3 ).
In the time frames 6 and 7, The novice and intermediate group spent slightly more time watching the setter than the elite group but no difference was found between the intermediate and the novice group.
Immediately preceding and during the reception (T6-11), novices and intermediates looked more to the ball than the elite group but no significant differences were found between intermediates and novices.
After the reception (T11-17), ball tracking was not found to be earlier for the experienced players than for the intermediates or novices and no significant difference was found in 'ball watching' (C in Figure 3 ). Elite players looked significantly more to the attackers than the novices and the intermediate group. All three groups started switching gaze from ball to setter before BHP (D on Figure 3 ) and all groups looked mainly at the setter after BHP (T19-23; E on Figure 3 ). However, experienced players seem to use more inter-event fixations towards the moment of the pass (T21-25; F on Figure 3 ).
Post hoc analysis revealed a significant difference between the elite group and the novice group for T23-T25, but differences from the intermediate group were not significant.
After the pass (T28-36; G on Figure 3 ), elite players looked significantly more to the attackers than the intermediates and novices, who used more inter-event fixations (T30-36). However, the percentage of indistinct gaze behaviour was also higher for novices and intermediates (T28-36).
DISCUSSION
The general aim of this study was to analyse reaction time, accuracy and time course of gaze behaviour of elite, intermediate and novice adult female volleyball players when reacting as a middle blocker on a screen projected complex 1 situation.
Reaction time and accuracy
It has been demonstrated that the effective use of advanced visual cues leads to better anticipation of the opponents' actions [25, 26] .
Therefore, a shorter RT and higher accuracy were expected for the elite group compared to the intermediate and the novice group [9, 27, 28, 29] . In the current study, elite players indeed had superior accuracy, but no difference was found in RT between elite and intermediate players. This could be a consequence of the task constraints of the volleyball block. A comparison can be made between a blocking task in volleyball and stopping a penalty in soccer [30] .
If the athlete waits longer to make a decision, he can gather crucial information about the opponents' action but will have less time to complete his own reaction. Expert volleyball players, however, are trained to execute their actions fast, which gives them the possibility to react later without dropping the quality of the counter. Such an explanation is supported by the large standard deviation and range in RT in the novice group, which shows that even negative RTs regularly occurred. This means that novice players often react when the information necessary for an adequate decision is not yet available, and thus rely on anticipation. They however lack episodic and task-related expertise to successfully anticipate [11, 31] , which is reflected in their lower accuracy scores. Reacting too early, with a negative impact on performance, is a phenomenon that is often observed in sports [32, 30] . Analysis of the visual search patterns can shed further light on the decision making process that forms the basis of an accurate response at the right time.
Time course of gaze behaviour
Unlike what was expected, but in line with previous findings of Abernethy [8] for badminton players, few differences were found when gaze behaviour of elite, intermediate and novice players was compared. Although high standard deviations indicate that some participants regularly adapted their gaze pattern, a general visual strategy was used.
In contrast to the expected time course of gaze behaviour, gaze was not directed to the ball before participants looked at the receiver (A in Table 1 and Figure 3) . Instead of tracking the ball, gaze was held briefly at a central location on the screen, after which attention was immediately directed to the receiver. In racket sports such as tennis, table tennis and badminton, it has already been suggested that the final part of the ball flight does not contain much information [19, 20, 33, 5] . Since the ball was already on its way down when it appeared on the screen, participants probably ex- After the reception, participants briefly tracked the ball and then switched their focus of attention from the ball to the setter even before the ball reached its highest point (D in Figure 3 ). This 'visual shoot ahead' was previously described by Land for table tennis, where the timing of the predictive saccade was closely linked to the highest point of the ball's trajectory [20] . In the experiment of Piras et al. [18] volleyball players also fixated the next bounce point, Although it is possible that attackers were looked at peripherally, the fact that gaze was directed mainly towards the setter indicates that participants expect important visual cues in this area.
Hernandez et al. [17] suggested that the distance from the setter's shoulders to his hands can be a good predictor for set direction.
So, important information of pass direction can indeed be found in the setter's movements prior to the pass.
In the current study, the hands were not a separate AOI as the setter was seen as one single area. But the results show that in most trials an inter-event fixation was made immediately after fixating the setter. This inter-event fixation was almost always directed to the future ball-setter contact point, just above the setter's hands, and has been reported by Afonso et al. [23] to be more frequent in highly skilled volleyball players than in less skilled players.
The visual shift from setter to the future ball position is similar to the proximal to distal shift of fixation location found in racket sports [5] and in goalkeepers when stopping a penalty [4] . This underpins the hypothesis that volleyball players use the same strategy in a blocking situation as goalkeepers use in penalty stopping.
After the final pass, the elite group looked significantly more towards the attackers than the intermediate and novice group.
In the current experiment the task was to react to the setter. Probably the intermediate and novice group neglected the final part of the video since they had already reacted to the setter. The elite players however are used to switch their gaze immediately to the attacker after the pass to analyse the spiker's attack. So this difference could be caused by the procedural routine of the elite players.
General discussion
Apparently, more experienced players do not react faster and more accurately because they have a different visual strategy. However, a similar gaze pattern does not necessarily mean that the same visual information has been processed. Possibly, experienced players are able to extract more information from perifoveal regions than novice players.
Although all groups mainly looked at the receiver before the reception was taken, some of the intermediate and novice players already looked at the ball as well. In the elite group on the other hand, none of the participants fixated the ball before reception was taken. This shows that the elite group has a very consistent visual strategy to analyse the reception. A 'visual pivot' was used to analyse this player's movements and to track the ball towards this player peripherally at the same time. In the intermediate and novice
group on the other hand, some participants seem to try to track the ball towards and away from the receiver.
All groups use a similar visual pivot when the final pass is given.
However, elite players seemed to watch the functional space between the ball and the setter's hands to analyse pass direction, while intermediate and novice players looked more to the setter himself.
This gaze behaviour has been described previously in various situations [3, 22, 34] and for elite volleyball players when looking to a jump serve [35 p122 ] and when analysing a setter in situ [23] .
Since there was no clear distinction in gaze behaviour between the groups, differences in reaction time and accuracy must have been the result of a superior information processing and decision making system. The use of visual pivots at the moment of reception and pass also suggests that participants retrieved a great amount of information through the use of peripheral vision. According to the holistic model of image perception [36, 37] , experts can extract information from widely distanced and parafoveal regions. So it appears that the three groups used a similar gaze strategy, but that elite players are able to subtract more relevant information by using an extended visual span and are able to link this information better to task-specific and procedural knowledge of the volleyball game play.
The similar gaze strategy in the three groups could have been supported by video-based stimuli. In a real blocking situation, volleyball players stand immediately in front of the net, which makes it necessary to make large head movements to see the attacking players at both corners of the net. In the current experiment however, participants could see both sides of the net with minimal head movements. In a real set-up, elite players would probably also benefit more from their better visuo-spatial attentional processing skills [38, 39] . Therefore, differences in gaze behaviour between the groups would possibly have been larger in an in situ blocking task. Nevertheless, differences in gaze behaviour of the current experiment also reflect different information processing in the elite group than in the 
CONCLUSIONS
This study showed that elite female volleyball players have a higher accuracy when responding to screen-projected attacks of the opponent team when compared to novice players. The intermediate group reacted as quickly as the elite group but had a lower accuracy. Time course analysis of the gaze behaviour however showed a very similar gaze pattern for the three experience levels with the apparent use of visual pivots at moments of reception and final pass. This confirms the holistic model of image perception for volleyball and suggests that expert players extract more information from parafoveal regions.
